Ultrastructural localization and afferent sources of substance P in the rat parabrachial region.
The ultrastructural morphology and afferent sources of terminals containing substance P-like immunoreactivity were examined in the rat parabrachial region. In the first portion of the study, a polyclonal antiserum to substance P was localized in the ventrolateral parabrachial region using the peroxidase-antiperoxidase labeling technique combined with electron microscopy. The antiserum was tested for cross-reaction with substance P, physalaemin, substance K and neuromedins B, C and K. Cross-reactivity was most intense with substance P. However, substance K, neuromedin K and physalaemin also exhibited limited cross-reactions with the antiserum. In the ventrolateral parabrachial region of untreated adult animals, substance P-like immunoreactivity was localized in axon terminals containing numerous small (40-60 nm) clear vesicle and 1-3 large (90-120 nm) dense-core vesicles. At least 54% of the labeled terminals formed asymmetric synapses with unlabeled dendrites; and at least 30% of the recipient dendrites received more than one labeled axon terminal. In addition, the labeled terminals were associated less frequently with other unlabeled soma, axon terminals and blood vessels. In the second part of the study, we examined whether or not perikarya in various extrinsic regions contributed to the substance P-like immunoreactivity in axon terminals in the parabrachial region. Wheat-germ agglutinin conjugated horseradish peroxidase was injected unilaterally into the parabrachial region of adult rats two days prior to being killed and one day prior to intraventricular injection of colchicine (100 micrograms in 7.5 microliter saline) which enhanced the detection of immunoreactivity in perikarya. Sections were first processed by a tetramethylbenzidine reaction stabilized with cobalt-diaminobenzidine for demonstration of the transported peroxidase then were immunocytochemically labeled for substance P. Perikarya containing both the black granular retrograde labeling and brown peroxidase-immunoreactivity were found in the nuclei of the solitary tracts, the caudal ventrolateral reticular formation, the lateral dorsal tegmental nucleus and the paraventricular, dorsomedial and lateral hypothalamic nuclei. The projections were largely, but not exclusively, from perikarya located on the same side as the parabrachial injection. We conclude that substance P, or a closely related tachykinin, is a putative transmitter or modulator within a number of pathways to the parabrachial region and that these afferents act primarily through axodendritic synapses with intrinsic neurons.